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Allostatic load, a measure of the biological aging process, describes the cumulative effect of 
chronic exposure to stress. In the face of acute stress, the body alters physiological parameters to 
anticipate its needs and ultimately reestablish homeostasis in a process known as allostasis. The 
cumulative burden presented by repeated adaptation to stressful events in one’s environment can 
alter and more importantly, exacerbate the ongoing progression of biological aging and increase 
susceptibility to aging-related disease onset. Epigenetic biomarkers, such as DNA methylation 
(DNAm), characteristically accumulate over time to represent biological progression.1 Several 
studies have reported that accelerated DNAm aging, described as when levels of DNAm at given 
loci predict a biological age that exceeds one’s chronological age, is associated with a multitude 
of aging-related problems, morbidity, and mortality.2–6 Hence, accelerated aging, as measured by 
epigenetic biomarkers, can provide insight on the relationship between allostatic load and 
biological aging.  
  
Current evidence from the literature reports that lifetime PTSD severity and childhood 
maltreatment are associated with accelerated DNAm age.7 Despite the robust evidence linking 
accelerated DNAm aging to these different types of stressors, much remains unknown about the 
cumulative effect of stress on biological aging throughout one’s lifetime. Among Black 
individuals in the United States who are overrepresented in resource-limited and disadvantaged 
neighborhoods as the result of historical racialized segregation policies, significant stressors may 
further exacerbate accelerated biological aging and racial disparities in health.8–10 Thus, in this 
study, we sought to investigate the effect of a series of life stressors suspected to negatively 
impact health on accelerated DNAm aging. This series of major stressful life events, known as 
the Holmes-Rahe Stress Scale, was conceived by Holmes and Rahe to measure the impact of 
stressful events throughout one’s lifetime.11 Since its conception, this stress scale has been widely 
used in the literature to evaluate the relationship between life stressors and a wide range of 
disease states. 
  
The purpose of this study is to evaluate the potential association between a measure of 
cumulative lifetime stress and accelerated DNAm aging and taking into account gender-related 
differences in aging biomarkers and to investigate these associations stratified by gender using 




The Detroit Neighborhood Health Study (DNHS) is a prospective, longitudinal cohort study 
conducted in the metropolitan area of Detroit, Michigan. DNHS was designed as a random 
sample that is representative of the demographics of the city, making the study results 
generalizable to this city population during the study period. Survey and sample collection of a 
cohort of adult Detroit residents began in 2008 and continued annually until 2012. Study 
enrollment and annual surveys were conducted via telephone interviews that collected 
information on participants’ neighborhood perception, alcohol and tobacco usage, social support, 
and health. In addition, DNHS participants had the option of providing a biospecimen sample at 
their baseline assessment. Of 2081 DNHS participants, 612 consented to providing a blood 
sample, and these 612 did not differ significantly in sociodemographic profiles from the entire 
cohort.12 Informed consent was obtained from all participants, and the study protocol was 
approved by institutional review boards at the University of Michigan (HUM00014138) and the 
University of North Carolina at Chapel Hill (13-3999).13,14  
  
In our study, a cross-sectional study design was used to assess the effect of lifetime stress burden 
on accelerated DNAm aging among DNHS participants in the second round of survey collection 
in 2009 using Horvath and Hannum DNAm methods. Selection for inclusion in this study was 
based on the availability of whole-blood derived DNA from the second round of survey 
collection in 2009. 153 study participants were included in all analyses using the Horvath DNAm 
age method, and 154 study participants were used for the Hannum DNAm age analyses.  
  
  
Lifetime Stress Score 
The lifetime stress score was created using the Holmes-Rahe Stress Scale.11 This scale includes 
43 major stressful life events with a Life Change Unit (LCU) assigned to each event based on the 
magnitude to which the event is estimated to affect health. In DNHS, 25 Holmes-Rahe life 
events were identified for each study participant, and their respective LCUs were summed to 
create the full lifetime stress score (Supplementary Table 1). For the reduced version of the 
Holmes-Rahe lifetime stress score, the LCUs of 11 events were summed (Supplementary Table 
1). Both lifetime stress scores were standardized to a mean of 0 and standard deviation of 1 in all 
analyses.  
  
The validity of this score was evaluated using concurrent validity and discriminant validity. 
Concurrent validity was assessed using the count of diagnosed health problems (i.e. diabetes, 
hypertension, cancer, etc.) for each study participant. This count and the lifetime stress score had 
24 overlapping variables used to create these constructs, so the lifetime stress score was adjusted 
to exclude these 24 variables when assessing concurrent validity. The count of diagnosed health 
problems had a strong positive correlation with the adjusted lifetime stress score (r=0.728, 
p<0.0001), demonstrating concurrent validity (Supplementary Figure 1). To evaluate 
discriminant validity, we used a score of neighborhood social cohesion where higher values 
represent greater social cohesion and lower values represent lower cohesion. The neighborhood 
social cohesion score was created from a series of five questions that asked participants to state 
whether they strongly agree, somewhat agree, neither agree nor disagree, somewhat disagree, or 
strongly disagree with the following statements: “This is a close-knit or unified neighborhood”, 
“People in this neighborhood generally don’t get along with each other” (reverse coded), “People 
around here are willing to help their neighbors”, “People in this neighborhood do not share the 
same values” (reverse coded), and “People in this neighborhood can be trusted”. Each response 
was coded from strongly disagree (1) to strongly agree (5). If a participant responded neither 
disagree nor agree, it was assigned a value of 3. The correlation was close to zero between 
neighborhood social cohesion and lifetime stress (r=-0.058, p=0.0076), demonstrating 
discriminant validity (Supplementary Figure 1). 
  
Social Support Score 
The social support score was created from a series of three questions that asked participants to 
state whether they strongly agree, somewhat agree, neither agree nor disagree, somewhat 
disagree, or strongly disagree with the following statements: “Among my friends or relatives, 
there is someone who makes me feel better when I am feeling down”, “Among my friends or 
relatives, there is someone I go to when I need good advice”, and “My friends or relatives would 
lend me money if I needed it”. Each response was coded from strongly disagree (1) to strongly 
agree (5). If a participant responded neither disagree nor agree, it was assigned a value of 3. 
Higher values represent greater social support and lower values represent lower social support. 
After doing a median split, participants were assigned to either high or low social support, which 
was used in the stratification analyses.  
  
DNA Methylation Assessment 
Genome-wide DNA methylation was measured in whole blood (leukocytes)-derived DNA with 
the Illumina 450K DNA methylation array using previously published methods.12,14,15 Detailed 
sample preparation and data cleaning protocols are extensively described in a previous 
study.16  Using both Horvath and Hannum DNAm methods, DNA extracted from whole-blood 
samples were used to compute DNAm age. The Horvath method uses percent methylation at 353 
CpGs on the Illumina 450k array, and the Hannum method uses percent methylation at 71 
CpGs.5,6 Both methods have been widely validated as having a strong positive correlation with 
chronological age.17,18 Of the 612 participants providing blood samples, 179 participants were 
tested on the Illumina 450K DNA methylation array, and of these, 157 passed all QC metrics. 
  
  
DNA Methylation Age Acceleration Measure 
DNAm age acceleration is defined as the difference between Horvath/Hannum DNAm age and 
chronological age. DNAm age acceleration was computed by regressing chronological age on 
DNAm age and using the residuals from the regression to represent DNAm age acceleration. 




Multiple linear regression models of accelerated DNAm age on lifetime stress were constructed 
using both Horvath and Hannum DNAm epigenetic clocks. These models adjusted for smoking 
status, education, race, and immune cell proportion estimates. As potential mediators, immune 
cells in the blood may influence association between cumulative lifetime stress and accelerated 
DNAm aging. Accordingly, immune cell proportions were estimated using the Houseman 
method and used in sensitivity analyses.19 Due to the limited sample size, principal component 
analysis (PCA) was used to reduce the number of variables in our models by summarizing the 
proportions of six types of immune cells in the blood. We also stratified the models by high and 
low social support to assess effect measure modification using both the full and reduced version 
of the lifetime stress score.  
  
In subsequent sets of analyses, we assessed the association between the number of Holmes-Rahe 
life events experienced and accelerated DNAm aging. Additionally, linear regression models 
were constructed using the reduced version of the Holmes-Rahe lifetime stress score as the main 
exposure. To assess survivorship bias, we performed birth cohort analyses using 40-year birth 
cohorts, with our small sample limiting further investigation in analyses using smaller birth 
cohorts. Furthermore, survivorship bias was evaluated by examining the association between 
comorbidity with both epigenetic clocks as well as lifetime stress. Due to the relatively small 
sample size, we did not impose a multiple testing correction. All analyses were performed in 




Characteristics of study participants 
Baseline sociodemographic characteristics of the study participants are reported in Table 1. 
Within the sample, the majority of study participants were women (61.0%) and identified as 
Black (82.5%). The majority of participants had completed post-high school graduation (55.8%) 
and had smoked at least once in their lifetime (74.7%). Of note, the Holmes-Rahe lifetime stress 
score for women was higher than the score for men using both the full and reduced versions of 
the lifetime stress score. For the full version, the lifetime stress score for women was 106.4 units 
higher than the score for men on average (mean (SD); women: 477.3 (248.3) years; men: 370.9  
(218.6) years). For the reduced version, the lifetime stress score for women was 117 units higher 
than the score for men on average. On average, women are 6.6 years older than men (mean (SD); 
women: 57.5 (11.7) years; men: 50.6 (15.3) years). Across both genders, Horvath DNAm age 
was higher than (mean (SD); women: 62.4 (10.4) years; men: 58.1 (12.1) years) Hannum DNAm 
age (mean (SD); women: 59.4 (9.8); men: 56.6 (12.3) years) on average. This trend was also 
consistent across the entire sample of study participants (mean (SD); Horvath: 60.8 (11.2) years; 
Hannum: 58.3 (10.9) years).  
  
  
Holmes-Rahe Lifetime stress and DNAm age 
A negative linear association between lifetime stress and accelerated DNAm age was found 
within our study sample using the Horvath clock, but not the Hannum clock, after adjusting for 
smoking status, education, race, and immune cell estimates. This association was consistent 
across analyses using both the full and reduced versions of the Holmes-Rahe lifetime stress 
score, and it was primarily driven by women. For the full version of the lifetime stress score, a 
negative association between stress and accelerated DNAm aging among women was observed 
(β= -2.09; 95% CI: -3.35, -0.83; p= 0.001) and no association among men (β= 0.09; 95% CI: -
1.30, 1.47; p= 0.899) using the Horvath clock. Among the total sample of study participants, this 
association remained negative (β= -1.00; 95% CI: -1.95, -0.04 ; p= 0.040).  
  
For the reduced version of the lifetime stress score, the associations seen within the total sample 
(β= -1.00; 95% CI: -1.95, -0.04; p= 0.040), women (β= -2.09; 95% CI: -3.35, -0.83; p= 0.001), 
and men (β= 0.09; 95% CI: -1.30, 1.47; p= 0.899) appear identical using the Horvath clock.  
  
Using the Hannum clock, we failed to detect an association between lifetime stress and 
accelerated DNAm aging both in the total sample and among women/men using the full and 
reduced versions of the lifetime stress score. For the full version of the lifetime stress score, the 
associations found were as follows: total sample (β= -0.09; 95% CI: -0.94, 0.76; p= 0.834), 
women (β= -0.76; 95% CI: -1.86, 0.33; p= 0.170), and men (β= 0.77; 95% CI: -0.68, 2.21; p= 
0.292). For the reduced version, we also failed to detect an association within the total sample 
(β= -0.04; 95% CI: -0.90, 0.81; p= 0.925 ), women (β= -0.76; 95% CI: -1.88, 0.36; p= 0.182), 
and men (β= 0.82; 95% CI: -0.63, 2.28; p= 0.260) (Supplementary Tables 3A, B).  
  
Stratified Models by Social Support 
When the multiple linear regression models were stratified by social support, the association 
between lifetime stress and accelerated DNAm aging was slightly closer to the null among 
participants with high social support compared to those with low social support using Horvath 
and Hannum clocks (Figure 2, Supplementary Table 4). This finding was consistent among 
analyses using both the full and reduced version of the lifetime stress score. Since all confidence 
intervals overlap, there is no evidence of effect measure modification by social support.  
  
Discussion  
The counterintuitive results from this study resulted in a series of subsequent analyses that 
targeted each limitation suspected to impact results. The primary decisions were to assess the 
association between the count of Holmes-Rahe stressful life events, evaluate the association 
using a reduced Holmes-Rahe lifetime stress score, and assess survivorship bias within our study 
sample.  
  
Understanding that biological aging is an ongoing process and given that our study is cross-
sectional, our constructed lifetime stress score is limited in that it cannot measure the temporal 
effect that a Holmes-Rahe event has on accelerated epigenetic aging. To illustrate this point, one 
concern is that our construct cannot capture the difference between a participant who 
experienced many Holmes-Rahe life events in a very short time period and another who 
experienced many life events over the course of a significantly longer period. Hence, we sought 
to investigate the association between the count of Holmes-Rahe stressful life events per study 
participant and accelerated epigenetic aging. In doing so, we dissociated the magnitude of life 
change units assigned to each Holmes-Rahe life event and solely examined the frequency of 
these events. For both Horvath and Hannum epigenetic clocks, we observed that these 
associations mirror those found in the regression models using the full and reduced lifetime 
stress scores (Supplementary Figure 2; Supplementary Table 5).  
  
To further investigate, we examined the associations using a reduced version of the Holmes-
Rahe lifetime stress score. In this reduced lifetime stress score, 14 events either determined to be 
ambiguous with respect to their classification as positive or negative stressors (i.e. pregnancy, 
changing to a different line of work) or determined to be an event signaling the elimination of a 
negative stressor (i.e. divorce) were removed from the score (Supplementary Table 1). 
Subsequent analyses conducted included the reduced Holmes-Rahe stress score in place of the 
full score (Supplementary Table 3B; Supplementary Table 4B), and associations found were of 
similar magnitude and consistent with those found from using the full lifetime stress score 
(Figure 1C, D; Supplementary Table 3B).  
  
Given that Horvath and Hannum algorithms systematically underestimate DNAm age for older 
individuals and older individuals are more likely to experience a greater number of life stressors 
and subsequently assigned a higher Holmes-Rahe lifetime stress score, we further evaluated the 
presence of survivorship bias within our sample. The association between lifetime stress and 
accelerated DNAm aging was evaluated within 40-year birth cohorts (i.e. individuals born 
between 1931-1970 and 1971-2011), and the negative associations found continue to be 
consistent with previously reported results (Supplementary Table 6). To further investigate the 
possibility of survivorship bias, we examined the association between the number of 
comorbidities and accelerated DNAm aging and Holmes-Rahe lifetime stress. We were unable to 
detect an association neither accelerated DNAm aging nor lifetime stress and no evidence of a 
negative association that would be expected of survivorship bias (Supplementary Table 7). 
Overall, these results suggest that survivors of significant stressful life events are not 
overrepresented in our sample.  
  
Taken together, our analyses in this study may be considered somewhat exploratory in nature as 
there were many hypothesis tests and certain criteria were not specified apriori. We were also 
limited by relatively small sample sizes, which resulted in wider confidence intervals that made 
it difficult to reach statistical significance. It is unclear whether the detected associations between 
lifetime stress and accelerated DNAm aging are unique to participants in DNHS or whether 
biases within the study remain to be uncovered. Future studies should examine other measures of 
cumulative life stress in DNHS or other similar neighborhood studies to determine the validity of 
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Table 1. Sociodemographic characteristics of 154 participants in the Detroit Neighborhood 









Chronological age in years, mean (SD)  54.6 (13.6) 57.2 (11.7) 50.6 (15.3) 
Race/ethnicity, n (%)    
Black 127 (82.5) 75 (79.8) 52 (86.7) 
Non-Black 27 (17.5) 19 (20.2) 8 (13.3) 
Education, n (%)    
≤ High school 68 (44.2) 36 (38.3) 32 (53.3) 
> High school 86 (55.8) 58 (61.7) 28 (46.7) 
Lifetime smoking status, n (%)    
      Never smoker 39 (25.3) 24 (25.5) 15 (25) 
      Ever smoker 115 (74.7) 70 (74.5) 45 (75) 
Lifetime stress score (full), mean (SD) 435.9 (242.1) 477.3 (248.3) 370.9 (218.6) 
Lifetime stress score (reduced), mean 
(SD) 
424.0 (241.5) 469.6 (244.4) 352.6 (220.5) 
Neighborhood social support score, 
mean (SD) 
12.9 (2.7) 13.1 (2.4) 12.6 (3.2) 
Horvath DNA methylation age, mean 
(SD) 
60.8 (11.2) 62.4 (10.4) 58.1 (12.1) 
Accelerated Horvath DNA methylation 
age, mean (SD) 
-0.1 (6.2) -0.2 (6.95) -0.1 (4.9) 
Hannum DNA methylation age, mean 
(SD) 
58.3 (10.9) 59.4 (9.8) 56.6 (12.3) 
Accelerated Hannum DNA methylation 
age, mean (SD) 
-0.3 (5.7) 0.7 (0.4) 0.7 (5.4) 
†n=153 in all analyses using Horvath clock 




















Figure 1. Association between Holmes-Rahe lifetime stress and DNAm age acceleration 
measures for total sample (square), women (triangle), and men (circle). A, B) Multiple 
regression model A adjusted for smoking status, education level, and race; full lifetime stress 
score used in all analyses. C, D) Multiple linear regression model B adjusted for smoking status, 




Figure 2. Association between lifetime stress and DNAm age acceleration measures for total 
sample (square), high social support (triangle), and low social support (circle). A, B) Multiple 
linear regression model A adjusted for smoking status, education level, and race; used full 
lifetime stress score in all analyses. C, D) Multiple linear regression model B adjusted for 
smoking status, education level, race, and immune cell estimates; used reduced lifetime stress 
score in all analyses. 
Supplementary Table 1. Description of A) 25 Holmes-Rahe life events used to create the full 
lifetime stress score, and B) 11 Holmes-Rahe life events used to create the reduced lifetime stress 
score in the Detroit Neighborhood Health Study.  
A) 
Full Lifetime Stress Score 
Life Event Rank Description Life Change Unit 
1 Death of spouse 100 
2 Divorce 73 
3 Marital separation from mate 65 
4 Detention in jail or other institution 63 
5 Death of a close family member 63 
6 Major personal injury or illness 53 
7 Marriage 50 
8 Being fired at work 47 
10 Retirement from work 45 
11 Major change in the health or behavior of a family member 44 
12 Pregnancy 40 
14 
Gaining a new family member (i.e. birth, adoption older adult 
moving in, etc.) 
39 
16 
Major change in financial state (i.e. a lot worse or better off than 
usual) 
38 
17 Death of a close friend 37 
18 Changing to a different line of work 36 
19 
Major change in the number of arguments w/ spouse (i.e. either a 
lot more or a lot less than usual regarding child rearing, personal 
habits, etc.) 
35 
20 Taking on a mortgage (from home business, etc.) 31 
21 Foreclosure on a mortgage or loan 30 
27 Beginning or ceasing formal schooling 26 
28 
Major change in living conditions (new home, remodeling, 
deterioration of neighborhood or home, etc.) 
25 
30 Troubles with the boss 23 
31 Major changes in working hours or conditions 20 
32 Changes in residence 20 
36 Major change in social activities (clubs, movies, visiting, etc.) 18 
38 





 Reduced Lifetime Stress Score  
Life Event Rank Description Life Change Unit 
1 Death of spouse 100 
4 Detention in jail or other institution 63 
5 Death of a close family member 63 
6 Major personal injury or illness 53 
8 Being fired at work 47 
10 Retirement from work 45 
11 Major change in the health or behavior of a family member 44 
16 
Major change in financial state (i.e. a lot worse or better off than 
usual) 
38 
17 Death of a close friend 37 
20 Taking on a mortgage (from home business, etc.) 31 
30 Troubles with the boss 23 
 
 
Supplementary Figure 1. Pearson correlations between A) neighborhood social cohesion and 




Supplementary Table 2. Loadings for each of the top 3 principal components. 
  PC1  PC2 PC3 
CD8T 0.34 0.35 -0.78 
CD4T 0.45 -0.42 0.14 
Natural killer 0.15 0.62 0.50 
B cells 0.44 -0.10 0.33 
Monocyte -0.33 0.46 0.10 
Granulocyte -0.60 -0.31 -0.03 
Eigenvalue 2.27 1.46 0.91 
Cumulative % of 
variance explained 
37.92 62.2 77.3 
 
  
Supplementary Table 3. Linear association between lifetime stress and accelerated DNAm 
aging. Multiple linear regression model A adjusted for smoking status, education level, and race. 
Multiple linear regression model B adjusted for smoking status, education level, race, and 
immune cell estimates. A) Analyses used the full lifetime stress score as the primary exposure 
variable. B) Analyses used the reduced lifetime stress score as the primary exposure variable. 
 
A)  
Full Lifetime Stress Score 
 Model A  
 Total Sample (n=154
†)  Women (n=94) Men (n=60‡) 
Horvath age acceleration, 
β (95% CI) 
-1.22 (-2.22, -0.23) -2.18 (-3.50, -0.85) 0.31 (-1.15, 1.78) 
Hannum age acceleration, 
β (95% CI) 
-0.16 (-1.08, 0.76) -0.72 (-1.83, 0.39) 1.16 (-0.44, 2.75) 
  Model B 
 Total Sample (n=154†)  Women (n=94) Men (n=60‡) 
Horvath age acceleration, 
β (95% CI) 
-0.99 (-1.94, -0.04) -2.09 (-3.35, -0.84) 0.09 (-1.28, 1.46) 
Hannum age acceleration, 
β (95% CI) 
-0.08 (-0.93, 0.76) -0.77 (-1.86, 0.33) 0.78 (-0.65, 2.20) 
†n=153 in all analyses using Horvath clock 
‡n=59 in all analyses using Horvath clock  
 
B) 
Reduced Lifetime Stress Score 
  Model A  
 Total Sample 
(n=154†)  
Women (n=94) Men (n=60‡) 
Horvath age acceleration, 
β (95% CI) 
-1.15 (-2.15, -0.15) -2.20 (-3.55, -0.86) 0.41 (-1.05, 1.87) 
Hannum age acceleration, 
β (95% CI) 
-0.08 (-1.00, 0.84) -0.66 (-1.79, 0.47) 1.23 (-0.36, 2.82) 




Women (n=94) Men (n=60‡) 
Horvath age acceleration, 
β (95% CI) 
-0.89 (-1.85, 0.07) -2.11 (-3.39, -0.83) 0.21 (-1.17, 1.58) 
Hannum age acceleration, 
β (95% CI) 
-0.04 (-0.89, 0.82) -0.76 (-1.87, 0.35) 0.83 (-0.61, 2.27) 
†n=153 in all analyses using Horvath clock 
‡n=59 in all analyses using Horvath clock  
 
  
Supplementary Table 4. Linear association between lifetime stress and accelerated DNAm 
aging stratified by social support. Multiple linear regression model A adjusted for smoking 
status, education level, and race. Multiple linear regression model B adjusted for smoking status, 
education level, race, and immune cell estimates. A) Analyses used the full lifetime stress score 
as the primary exposure variable. B) Analyses used the reduced lifetime stress score as the 
primary exposure variable. 
 
A)  
Full Lifetime Stress Score 




High Social Support 
(n=91‡) 
Low Social Support 
(n=63) 
Horvath age acceleration, 
β (95% CI) 
-1.22 (-2.22, -0.23) -1.12 (-2.51, 0.26) -1.53 (-3.02, -0.05) 
Hannum age acceleration, 
β (95% CI) 
-0.16 (-1.08, 0.76) 0.19 (-1.13, 1.51) -0.44 (-1.75, 0.87) 
  Model B 
 Total Sample 
(n=154†)  
High Social Support 
(n=91‡) 
Low Social Support 
(n=63) 
Horvath age acceleration, 
β (95% CI) 
-0.99 (-1.94, -0.04) -0.51 (-1.88, 0.86) -1.49 (-2.97, -0.02) 
Hannum age acceleration, 
β (95% CI) 
-0.08 (-0.93, 0.76) 0.09 (-1.20, 1.39) -0.45 (-1.72, 0.81) 
†n=153 in all analyses using Horvath clock 
‡n=90 in all analyses using Horvath clock  
 
B)  
Reduced Lifetime Stress Score 
  Model A  
 Total Sample 
(n=154†)  
High Social Support 
(n=91‡) 
Low Social Support 
(n=63) 
Horvath age acceleration, 
β (95% CI) 
-1.15 (-2.15, -0.15) -1.03 (-2.44, 0.37) -1.42 (-2.90, 0.06) 
Hannum age acceleration, 
β (95% CI) 
-0.08 (-1.00, 0.84) 0.32 (-1.01, 1.65) -0.35 (-1.65, 0.95) 




High Social Support 
(n=91‡) 
Low Social Support 
(n=63) 
Horvath age acceleration, 
β (95% CI) 
-0.89 (-1.85, 0.07) -0.35 (-1.75, 1.04) -1.38 (-2.84, 0.09) 
Hannum age acceleration, 
β (95% CI) 
-0.04 (-0.89, 0.82) 0.23 (-1.09, 1.55) -0.44 (-1.69, 0.81) 
†n=153 in all analyses using Horvath clock 
‡n=90 in all analyses using Horvath clock  
  
 
Supplementary Figure 2. Linear association between count of Holmes-Rahe life events and 
DNAm age acceleration measures for total sample (square), women (triangle), and men (circle). 
A, B) Multiple linear regression models adjusted for smoking status, education level, race, and 
immune cell estimates. 
 
 
Supplementary Table 5. Linear association between count of Holmes-Rahe life events and 
accelerated DNAm aging. Multiple linear regression model A adjusted for smoking status, 
education level, and race. Multiple linear regression model B adjusted for smoking status, 
education level, race, and immune cell estimates.  
 
  Model A  
 Total Sample (n=154
†)  Women (n=94) Men (n=60‡) 
Horvath age 
acceleration, β (95% CI) 
-0.24 (-0.44, -0.04) -0.43 (-0.70, -0.16) 0.06 (-0.24, 0.36) 
Hannum age 
acceleration, β (95% CI) 
-0.03 (-0.22, 0.15) -0.13 (-0.36, 0.09) 0.20 (-0.13, 0.52) 
  Model B 
 Total Sample (n=154†)  Women (n=94) Men (n=60‡) 
Horvath age 
acceleration, β (95% CI) 
-0.19 (-0.38, -0.004) -0.42 (-0.67, -0.16) -0.01 (-0.29, 0.27) 
Hannum age 
acceleration, β (95% CI) 
-0.01 (-0.18, 0.16) -0.14 (-0.36, 0.08) 0.13 (-0.17, 0.42) 
†n=153 in all analyses using Horvath clock 




Supplementary Table 6. Linear association between lifetime stress (full) and accelerated 
DNAm aging in 40-year birth cohorts.  
1931-1970 Birth Cohort 
 All (n=102)  Women (n=68)  Men (n=34) 
 β (95% CI)  β (95% CI)  β (95% CI) 
Horvath age acceleration -1.16 (-2.32, -0.01)  -1.93 (-3.38, -0.48)  -0.11 (-2.07, 1.85) 
Hannum age 
acceleration 
0.11 (-0.88, 1.11)  -0.43 (-1.63, 0.76)  0.96 (-1.05, 2.98) 
1971-2011 Birth Cohort 
 All (n=51)  Women (n=26)  Men (n=25) 
 β (95% CI)  β (95% CI)  β (95% CI) 
Horvath age acceleration -0.78 (-2.91, 1.35)  -2.32 (-5.97, 1.34)  0.40 (-3.22, 4.03) 
Hannum age 
acceleration 




Supplementary Table 7. Linear association between comorbidity and accelerated DNAm aging 










Lifetime Stress (Full) 
β (95% CI) -0.09 (-0.74, 0.56)   -0.30 (-0.89, 0.29)   0.05 (-0.06, 0.15) 
 
 
 
